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Descrlptl n 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

[0001] This invention relates to an inhalation training device according to the preamble of claim 1 . 
The Background Art 

10 

[0002] Devices for dispensing aerosol pharmaceuticals have become the favored medication delivery system in the 
treatment of many respiratory diseases. The use of inhaled sympathomimetic bronchodilators has been widespread 
since the 1960s. Moreover, the past several years have witnessed a rapid increase in the prescription of inhaled corti- 
costeriods. In addition to these medications, whose primary site of action is in the respiratory tract and lungs, the 

75 inhaled route is being explored for the delivery of systemicaily acting pharmaceuticals. 

[0003] Inhaled pharmaceuticals have taken a central role in the treatment of common diseases such as asthma, 
bronchitis, and emphysema, and their use is expected to increase. Approximately 10 to 15 million people in the United 
States suffer from asthma, and its prevalence in the general population is increasing. Childhood asthma is the single 
greatest cause of missed school days in the United States, accounting for an estimated 10 million absences in 1990. 

20 Chronic obstructive lung disease (COPD) of all types is estimated to affect as many as 30 million in the U.S. See Petty, 
"Chronic Obstructive Pulmonary Disease - Can We Do Better?," Chest. 97:2(S), (1990). 

[0004] Inhaled aerosol treatment has been found to be extremely effective for respiratory disease, since medication 
is delivered directly to the site of action. In comparison with other routes of administration, this reduces the dosage 
required and in some instances speeds the onset of action. Inhalation of a pharmaceutical resembles parenteral injec- 
ts tion because it bypasses the liver and thus reduces hepatic metabolic degradation of the active compound. See Reed, 
"Aerosol Glucocorticoid Treatment of Asthma," American Review of Respiratory Disease. 141 :S82-S88, (1990). 
[0005] It has been found that aerosol delivery of a pharmaceutical such as a glucocorticoid has significant advan- 
tages over oral administration in terms of reducing adverse side effects. For example, osteoporosis, compression frac- 
tures of the vertebrae, and aseptic necrosis of the femoral head are well known serious complications of prolonged oral 
30 glucocorticoid treatment These side effects have not been reported in patients who have received glucocorticoids 
through aerosol therapy. ]d> Similarly, adverse reactions caused by bronchodilators, including tremor and tachycardia, 
are reduced when delivery is switched from oral to inhaled routes. 

[0006] Such benefits are due at least partially to the reduced dosage necessary to effect therapeutic benefit when 
these pharmaceuticals are administered through inhalation. When aerosol glucocorticoids are substituted for oral treat- 
35 merit, the dose of prednisone or prednisolone required to maintain control of airways can be more effective than an 
administration of 20-80 times the dose of the same drug by mouth. W. 

[0007] As treatment of diseases with aerosol pharmaceuticals such as aerosol glucocorticoids increases, there is 
a need for more efficient delivery systems to ensure proper delivery of the therapeutic agent into the lungs. Proper inha- 
lation techniques are essential in order that the inhaled pharmaceutical such as a glucocorticoid is delivered to the 

40 receptor sites in the lungs. If the glucocorticoid aerosol lands in the pharynx or other part of the respiratory tract other 
than the lungs, its beneficial effect is lost or reduced. Moreover, the improperly delivered aerosol glucocorticoid can be 
digested by the system, resulting in the adverse side effects which aerosol therapy is intended to overcome. 
[0008] A major problem in the use of aerosol pharmaceuticals is achieving deposition of the aerosol at the target 
receptor sites within the airways and lungs. Pressurized metered dose inhalers have been designed to deliver a precise 

45 amount of medicine in the form of a cloud of aerosol droplets having an aerodynamic diameter which is optimal for 
reaching the conducting airways of the lungs. 

Similarly, dry powder generators have been designed to deliver a measured amount of dry particles, such as sodium 
cromoglycate, to the lungs. 

[0009] The human lung divides dichotomously for some 23 generations until the alveoli are reached. Inhaled aero- 
so sol medication particles must move through airways of ever decreasing size, at decreasing flow rates, while constantly 
changing direction. As a result primarily of impaction on the sides of the inhaler device, the mouth, and the oropharynx, 
only a small fraction of the dose from a aerosol inhaler is actually deposited in the lungs. This is true even when the 
inhaler is used according to the manufacturer's instructions. When the patient uses the inhaler incorrectly, the dosage 
delivered is greatly reduced. Newman, et al., "Deposition of Pressurized Aerosols in the Human Respiratory Tract" 
55 Thorax. 36: 52-55 (1981). Patterson et al., "Patient Error in Use of Bronchodilator Metered Aerosols," British Medical 
Journal 10:76 (1976). 

[001 0] So many patients use inhalers improperly that poor inhalation technique is believed to be the main reason 
for the lack of efficacy of aerosol bronchodilators and aerosol glucocorticoids. Because breathing habits are subliminal 
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and developed over the course of a lifetime, it is especially difficult for a patient to alter inhalation techniques in order to 
increase the efficacy of an aerosol medication. Reed, "Aerosol Glucocorticoid Treatment of Asthma," American Review 
of Respiratory Disease. 141:S82-S88 (1990).(cite Lancet editorial) 

[001 1 ] The literature is replete with examples which indicate the magnitude of this problem. In 1 976, Orehek, et al. 
5 tested 20 asthmatic patients using bronchoditator drugs. Of these, only five used proper inhalation techniques. See 
Orehek, et al. "Patient Error in Use of Bronchodilator Metered Aerosols," British Medical Journal. 10:76 (1976). It was 
also reported in 1980 that 47% of 30 patients hospitalized for asthma used an incorrect inhalation technique. Shim and 
Williams. The American Journal of Medicine 69:891-894 (1980). 

[0012] Although coaching can improve the ability to use inhalers, it has been found that many patients revert to an 

w incorrect inhalation technique within a short period. Importantly, it has been concluded that regular subsequent moni- 
toring of inhalation techniques are necessary. Patterson, et al., "Use of Pressurized Aerosols by Asthmatic Patients," 
British Medical Journal. 10:76-77 (1976). Because the full potential of aerosol pharmaceuticals cannot be achieved 
unless patients understand how to properly use inhaler devices, there is a need to more effectively train patients to fol- 
low a proper sequence of inhalation steps to be followed in order to ensure maximum delivery of an aerosol pharma- 

15 ceutical to receptor sites in the lungs. 

[0013] Methods of teaching proper inhalation may require complex breathing patterns. Aerosol pharmaceuticals 
are deposited in the lungs by three principal mechanisms: inertial impaction, gravitational sedimentation, and diffusion. 
Other mechanisms of deposition such as electrostatic interactions with opposite charges in airways walls are so small 
as to be insignificant relative to these three processes. 

20 [0014] Impaction of aerosol particles or droplets on the sides of the oropharynx and airways increases with increas- 
ing particle size and/or flow rate of inspiration. Sedimentation is a critical factor in determining the amount of aerosol 
deposited in the alveolar bed and conducting airways. Sedimentation is time dependent process and the level of aerosol 
deposition is therefore a function of the duration of the breath holding pause following inhalation. 
[001 5] The mechanisms of deposition have been clarified by scintigraphic studies. Such experiments demonstrate 

25 that inhalation at higher flow rates increases deposition in the oropharynx and upper airways, while decreasing deposi- 
tion in the lower airways. These studies also illustrate an increased deposition with longer breath holding because the 
amount of aerosol remaining airborne decreases exponentially with time. In one study, radiolabeled aerosols were 
inhaled at varied lung volumes and flow rates and radiographic images taken to detect the distribution of aerosols within 
the respiratory tract of patients with obstructive airways disease. This study showed that increasing the length of breath 

30 holding from 4 to 10 seconds effectively doubled the percentage of medication deposited in the lungs. Newman, et al., 
"Effects of Various Inhalation Modes on the Deposition of Radioactive Pressurized Aerosols," European Journal of Res- 
piration. " Dis. Suppl. 119, 63:7 (1982). 

[0016] Conventional methods and apparatus for inhalation training lack adequate visual representation of these 
and other processes that govern the actual delivery of the aerosol to the receptor sites in the lungs. Accordingly, there 
35 is a need for an inhalation training apparatus which will provide the patent and physician with a real time, interactive rep- 
resentation of the inhalation process. Ideally, this would provide visual feedback representing the actual distribution of 
inhaled aerosol in the lungs and show with reasonable accuracy the amount of aerosol delivered to the receptor sites. 
Such feedback would convey a conceptual understanding of the proper inhalation process, and thereby increase the 
likelihood that the patient would retain the correct technique. 
40 [0017] Several attempts have been made to improve the usage of inhalers. For example, some devices attach the 
inhaler to spacer tubes which extend the channel through which the aerosol flows. A typical example of this device is 
U.S. Patent No. 4,809,692 issued March 7, 1989. This device provides an extended channel for the flow of aerosol in 
the form of a mask which fits over the nose and mouth of a child. The device includes an inhalation valve in which a 
sound is generated upon inhalation and exhalation. 
45 [0018] Other attempts to improve the use of inhalers include providing large non-pressurized chambers or reser- 
voirs for holding the aerosol prior to inhalation. These devices lessen or obviate the requirement for coordinating actu- 
ation of the inhaler with inspiration. Some of these devices also feature auditory signals which provide the user with 
feedback when the inhalation flow exceeds a desired rate. Examples of such devices are Sacker et al., U.S. Patent No. 
4,484,577, issued November 27, 1984, Zortan et al.. U.S. Patent No. 4,926,852, issued May 22, 1990, Zoftan, U.S. Pat- 
so ent No. 4,790,305, issued December 13, 1988, Grimes, U.S. Patent No. 4,210,155, issued July 1, 1980 and Sperry, U.S. 
Patent No. 4,852,561 , issued August 1 , 1 989. While these devices have been found effective, many patients do not uti- 
lize them because of the inconvenience caused by their bulk and the patient's self consciousness about the use of such 
devices in public. 

[001 9] The foregoing devices still, however, provide an inadequate means for training the patient in proper inhala- 
55 tion techniques. While auditory signals may provide some feedback for breath intake, there is no means for measuring 
a patient's performance with a standard or optimum technique for delivering medication to the receptor sites in the 
lungs. There is also no means for showing whether the aerosol is in fact being delivered properly to the lungs. In addi- 
tion, these devices provide no means for active guidance for breath holding at the end of aerosol inspiration. 
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[0020] Still other conventional inhaler devices attempt to maximize the delivery of an aerosol pharmaceutical to the 
receptor sites in the lungs by employing improved actuating mechanisms. An example of such a device is Wasf, U.S. 
Patent No. 4,664,107, issued May 12, 1987. Similarly, Johnson et al., U.S. Patent No. 4,803,978, issued February 14, 
1989 provides an inhaler device wherein the release of medication is actuated by a pressure drop at the time of inhala- 

5 tion. These devices are more complex and expensive than the simple inhaler devices currently in general use. Accord- 
ingly, their use has not become widespread. Moreover, while these devices address the problem of coordinating inhaler 
actuation with the start of inspiration, they do not address the need for teaching proper inhalation flow rate, volume, and 
breath holding time in order to maximize the amount of medication delivered to the receptor sites. 
[0021] Typical inspiratory training devices also include a number of incentive spirometers such as Sharpless et al., 

to U.S. Patent No. 4,391,283, issued July 5, 1983, or Lester, U.S. Patent No. 4,284,083, issued August 18. 1981. Conven- 
tional incentive spirometers include mechanical means for allowing the user to see a visual indication of the rate of 
inspiration or expiration. The user can then compare this with a desired value. The object of these devices is the pro- 
motion of post-operative recovery of the lungs. To effect this they provide an incentive for the patient to expand the 
lungs. These devices are not designed for teaching techniques for inhalation of aerosol medication. 

75 [0022] Therefore, such conventional devices have little or no usefulness in training a patient to use an inhaler 
device properly. Fa example, the incentive in the '283 patent resides in observing a cylinder or sphere raised to a pre- 
determined height in a tube. This has the disadvantage of merely measuring flow rate or volume of inhalation. Thus, it 
ignores many of the parameters responsible for specific deposition patterns of an aerosol pharmaceutical at the recep- 
tor sites in the bronchial tree. Here again, the patient is not provided with any visual feedback relating to the delivery of 

20 an aerosol medication to the lungs. 

[0023] Elson, U.S. Patent No. 4,241,739. is a typical incentive spirometer device intended to promote post-opera- 
tive recovery. This device incorporates a flow meter, processing means and display means to provide visual feedback 
of the volume of airflow during inhalation. However, this device is of limited usefulness in that it only takes into account 
a few limited parameters in defining the program of respiratory exercise which the patient is to follow. The parameters 

25 include minimum flow rate to be achieved, minimum total volume to be inhaled, the time that the patient is to hold the 
inhaled volume, and the number of times the patient is to be required to inhale the predetermined minimum volume. The 
feedback to the patient consists of display windows comprising an array of light emitting diodes which display alpha- 
numeric characters. For example, the flow rate of the air inhaled by a patient is integrated to determine volume. If the 
volume of inspired air by the patient exceeds that amount which was set by the therapist into a volume register, the dis- 

30 play panel is instructed to display the word "Good." This device has the disadvantage of limited feedback to the patient. 
Also, the feedback is not interactive. The values of the desired parameters such as minimum flow rate, minimum total 
volume to be inhaled or number of inhalations must be predetermined by the therapist and then programmed into vari- 
ous memory registers. The patient's responses are then compared against the predetermined values. Accordingly, this 
device, in principle, is not too far removed from a conventional mechanical incentive spirometer having feedback such 

35 as the distance an object rises in a calibrated tube. 

[0024] A typical inhalation training device also includes a "Respiratory Biofeedback and Performance Evaluation 
System" Hillsman, U.S. Patent No. 3,991 ,304 1976. This system relates to performance evaluation and training in repet- 
itive breathing patterns. The object of this system was to improve the efficiency of a patient's ongoing breathing pattern, 
in order to increase oxygen supply and carbon dioxide elimination to and from the lungs. The uses contemplated for the 

40 Hillsman system did not achieve commercial success or widespread application. These uses include repetitive breath- 
ing patterns characterized in terms of three inter-related factors: rate of respiration, tidal volume, and inspiratory to 
expiratory time ratio. The system provides a conventional visual display for patient training wherein volume of air 
inspired or expired is plotted on a vertical axis against time as represented by the horizontal axis, with cycle time or 
breathing rate adjustable from 0 to 40 cycles per minute. 

45 [0025] The conventional Hillsman training system focuses primarily on the cyclic breathing of individuals with 
obstructive or restrictive lung diseases, with or without the concurrent inhalation of aerosols. Training is also contem- 
plated for individuals engaged in intermittent positive pressure breathing, the playing of musical instruments, scuba div- ^ 
ing, and Lamaze-type obstetrical breathing exercises. Techniques associated with cyclic breathing are different in 
nature from those involved in a discrete, individual inhalation and breath hold maneuver. A conventional inhalation train- 

so ing system does not address the particular problems associated with the use of a hand held metered dose inhaler. For 
example, maximizing the delivery of medication from a metered dose inhaler involves a discrete, one-time action of a 
single inspiration and breath hold maneuver wherein no relation exists with breathing cycles immediately prior to or sub- 
sequent to the studied inhalation itself. 

[0026] Another example of a conventional inhalation trainer is a device marketed by Vltalograph Corporation of the 
55 United Kingdom and Lenexa, Kansas. This device includes a metered dose inhaler connected with a flow sensor and 
means for calculating flow and volume of air. The display of feedback to the user is in the form of lights of alternating 
color and an analog needle gauge which indicates flow rate, including a desired flow range. During the practice inhala- 
tion maneuver, the patient is told to keep the needle gauge within the desired flow range. At the completion of the 
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maneuver the device displays three colored lights, labeled firing," "delivery, " and "breath hold - . A green light indicates 
that the patient performed the corresponding aspect of the inhalation correctly. A secondary optional display provides 
an incentive device utilizing several lights overlain with cartoon figures painted on a plastic overlay. At the conclusion of 
the maneuver the lights are illuminated under certain of the cartoon figures, indicating thereby whether the three afore- 

5 mentioned aspects of the maneuver were performed correctly. 

[0027] This device has the disadvantage that the feedback provided by the colored lights is not fully interactive. In 
addition, the device does not provide feedback regarding the patient's performance across the full time course of the 
maneuver, since the flow gauge represents only an instantaneous indication of flow. In addition, the device does not 
allow the operator to change the values which differentiate between correct and incorrect performance. Furthermore, 

w the device does not provide a printed or electronically stored record of performance. 

[0028] The prior art also includes an MDI Biofeedback Training and Evaluation System, Hillsman Patent 4,984,158 
1991. As in the system described in Hillsman 1976, this training system is based upon a volume versus time graph of 
patient breathing patterns. The system employs an MDI canister, flow measurement means, processor, and means for 
displaying actual breathing and desired breathing patterns. One of the integral elements of the Hillsman system is the 

15 measurement of both inspiration and expiration prior to t during, and after use of a MDI. Another element is the identifi- 
cation of the patient's lung volume at the point of start of inhalation. 

[0029] Scintigraphic studies of aerosol deposition have shown that lung volume at start of inhalation is of secondary 
importance as a determinant of the level of aerosol deposition, in comparison with the factors of inhalation rate and 
duration of breath holding. For example, Newman, et. al reported that varying the start of inhalation point between 20%, 

20 50% and 80% of lung capacity resulted in little difference in the percentage of aerosol deposited in the lungs, provided 
that proper inhalation rate and breath hold time were observed. Newman, Stephen R, et. al., "Effects of Various Inha- 
lation Modes on the Deposition of Radioactive Pressurized Aerosols", European Journal Respiratory Disease Supp. 
1 19, Vol 63, 1982. Thus, it appears that the careful measurement of end expiration point as a means of enforcing start 
of inhalation from low lung volume is of limited value. The inventors have in fact found that insisting that inhalation begin 

25 from low lung volume can actually impair the patient's ability to perform an optimal maneuver. This is because inhaling 
to full vital capacity at the desired low flow rate takes additional time, and increases the discomfort felt during a full ten 
second breath hold period. 

[0030] An inhalation device comprising the features appearing in the preamble of claim 1 is known from US-A-4 984 
158. WOA-93/12823 also discloses an inhalation device for aerosol delivery of medication, which employs a micro- 

30 processor and electronic sensors for measuring parameters indicative of a patient's inhalation of airborne medication. 
However, this device does not have the capability of superimposing measured values of volume and flow simultane- 
ously in a target envelope or of providing simultaneous visual feedback of same to the patient. Furthermore, the device 
disclosed does not include a means for providing at least a two-dimensional graphic portrayal of a patient's respiratory 
system, which portrayal shows a representation of the patients lungs expanding and contracting in response to simul- 

35 taneous flow and volume measurements of the patient's breathing. 

[0031] The improvements offered by the present invention relate to both the manner in which airflow into the lung 
is measured and the structure and content of information displayed to operator, patient and physician. In the present 
invention the measurement of expiratory flow is eliminated altogether. This allows the patient to interact with the training 
system in a manner essentially equivalent to that which occurs in the normal use of a hand held inhaler. This is possible 

40 because whereas the canister holding component of a MDI is designed to allow sufficient airflow during inspiration, it 
does not provide a channel for unimpeded flow of expiratory air through the inhaler. To measure directional flow during 
aerosol usage, the Hillsman 1991 system attaches the MDI canister to an airflow channel through which the patient 
must breathe both in and out In contrast, using a device in accordance with the present invention the patient holds the 
MDI in hand during inhalation just as in everyday use, and removes the device from his mouth at the end of inhalation 

45 as in everyday use. This manner of MDI use is likely to be more effective in training since it more closely recreates the 
technique and situation of actual MDI use. 

[0032] Another disadvantage of the Hillsman design is the requirement for the patient to direct his attention to the 
volume signal and hold the flow tube in his mouth throughout the breath hold stage. This procedure is counter to the 
normal practice during MDI usage wherein the patient removes the inhaler from his mouth at the completion of inhala- 

50 tion. Patients are in fact specifically instructed in the inhaler medication package insert not to breath out through the 
inhaler, since this may clog the MDI nozzle with exhaled medicine. In the Hillsman system the volume-time signal is also 
used as the primary feedback mechanism to the patient regarding the duration of breath holding. The message format 
preferably utilized in the present invention, a timer, written message, and/or graphic portrayal of dynamic aerosol dep- 
osition via sedimentation and diffusion, is again more intuitively understood by the patient and is compatible with the 

55 normal circumstance and feel of MDI usage. 

[0033] An advantage of a preferred embodiment of the present invention is the use of patient feedback display 
types which are inherently more responsiv and interactive than a volume-time graph. By employing a flow-time or flow- 
volume graph as feedback to the patient, subtle changes in inhalation rate are conveyed almost instantaneously. More- 
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over, since a primary object of the training is to teach the feeling associated with correct inhalation flow rate, the use of 
flow as a primary feedback signal is more intuitive to the patient. 

[0034] In summary, the foregoing conventional inhalation training devices ignore or discount variables which are 
important in maximizing the amount of and rate at which the aerosol medication is delivered to the receptor sites in the 
s lungs. Conventional devices also ignore the complexity of mechanisms responsible for the deposition patterns of an 
aerosol medication in the lungs. 

[0035] Conventional devices do not offer the patient a visual form of feedback from which to conceptualize the proc- 
ess of medication delivery. Typical feedback mechanisms such as red and green lights, analog needle gauges, or alpha- 
numeric characters indicating "good" are merely generalized, gross indications of the amount of air inspired. Effectively. 
10 such gross indicators are, in principle, unchanged from devices wherein the feedback consists of an object rising in a 
calibrated tube. Simple graphs of lung volume are similarly inadequate to convey the needed conceptual understand- 
ing. 

[0036] < Thus, there presently exists a need for a device which provides meaningful visual feedback to a patient in 
order to train the patient to use an aerosol inhaler effectively over the long term. 

15 [0037] The typical inhaler devices and training aids have little or no diagnostic value and provide the physician with 
little or no meaningful objective feedback concerning the capability of a particular patient to effectively utilize aerosol 
therapy devices. There is also a need for an inhalation training device which can be used simultaneously by the patient 
and the medical professional and which can present to the medical professional a detailed illustration of the overall pat- 
tern of individual patient performance as opposed to a general indication of good or bad performance. There is also a 

20 need for visual feedback provided to a patient or healthcare professional that is directly related to and indicative of the 
complex physiological parameters which are different for each patient and which largely determine the pattern of distri- 
bution of the aerosol medication at the receptor sites in the lungs. 

[0038] In order to improve the aerosol delivery of medication, what is needed is a device which takes into account 
a maximum number of meaningful parameters affecting aerosol distribution at the receptor sites in the lungs. These 

25 parameters include airflow rate, inhalation volume, duration of inhalation, duration of breath holding and patient-specific 
pulmonary function values such as vital capacity and timed flow rates, and disease conditions such as obstructive ill- 
nesses which lower the optimal inhalation rate. What is also needed is a method for interpreting the values of the vari- 
ables affecting aerosol distribution and utilizing this interpretation to modulate the feedback display to the patient to 
produce meaningful interactive visual feedback representing the present state of delivery of medication to the target 

30 receptor sites in the patients' lungs. 

[0039] Therefore, what is needed is an apparatus and visual display method which provides meaningful feedback 
to a patient and healthcare professional in order to train the patient to effectively use an aerosol inhaler over the long 
term. This system would recreate the normal feeling of hand held inhaler usage, and convey a conceptual understand- 
ing of the correct, although counterintuitive, inspiration and breath holding pattern. Such a system would teach the 

35 patient the specific skills required to affect delivery of medication to is target sites of action. 

[0040] The present invention provides an inhalation training device which is characterized by the features specified 
in the characterizing portion of claim 1. Preferred embodiments are defined in the dependent claims. 
[0041] A first embodiment of the invention provides an apparatus and display means for interactive training in the 
use of pressurized aerosol inhalers. The apparatus comprises an inhaler device containing a pressurized canister of 

40 medicine or placebo aerosol, a flow measurement device coupled with the inhaler device so as to measure the flow of 
air through the inhaler device, a microprocessor means for integrating the flow of air over time to produce a measure of 
the volume inhaled, a storage means for storing flow and volume values as well as other quantifiable parameters relat- 
ing to patient lung function and projected patterns of aerosol deposition in the respiratory tract and an electronic visual 
display means for presenting flow, volume and time values as well as diagnostic parameters and/or illustrations of pro- 

45 jected delivery of aerosol to receptor sites during the period of use of the inhaler device whereby the measured values 
may be contrasted with desired levels for those values. 

[0042] The device further includes a means for recording start of inhalation, duration of inhalation and duration of 
breath holding. The display means is capable of a substantially real-time display (e.g., less than twenty millisecond 
delay). Optionally, the device may include a means for recording the time of inhaler device actuation for use in calculat- 

50 ing the relative timing of device actuation. 

[0043] The longer time a person inhales, the shorter the time he or she will be able to hold their breath. The time 
elapsed during inhalation is a function of the volume is inhaled prior to breath-holding. When inhaling unit doses of med- 
ication, there is little benefit from inhaling more than a given volume. Moreover, breath-holding at high lung volumes is 
more likely to bring on anxiety (particularly in an obstructed patient) than breath-holding at normal tidal volumes. Thus, 

55 for practical purposes, the sum of the inhalation time plus the breath holding time should not exceed a designated 
number of seconds. If that total time is 12 seconds, then the inhalation-training procedure would be set up to have the 
person inhale for 2 seconds followed by breath-holding for 10 seconds. Inhalation time is likely to be a minimum of 1 .5 
seconds and a maximum of 4 seconds and inhalation volume to be a minimum of 1.0 liters and a maximum of 4 liters. 
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In addition, the procedure would include having inhalation begin within a given time (e.g., .5 seconds before to .2 sec- 
onds after) relative to medication release. 

[0044] In one display format, real-time values of flow and volume are graphed on an X-Y axis, wherein the X axis 
may represent volume and Y axis, flow. A target envelope is overlain upon these axes to indicate a range of desired 

5 values within which the aerosol medication is effectively delivered. The display means includes means for superimpos- 
ing the measured values of the patient simultaneously on the target envelope in order to provide visual feedback of the 
patient's inhalation. These values may then be compared with desired levels displayed in the target envelope. 
[0045] Alternatively, the X and Y axes may represent flow and time, or both flow and volume versus time. 
[0046] The target flow and volume values are based upon guidelines recommended by medical authorities. Alter- 

w natively, the target values may be based upon 1) predicted lung volume and timed flow rate values of a specific patient 
as calculated using regression equations in accordance with techniques which are well known in the art, or 2) meas- 
ured values of a patient's actual lung volumes and timed flow rates. 

[0047] An alternate display format takes the form of a two or three dimensional graphic portrayal of the human lungs 
and tracheo-bronchial tree within which is illustrated the flow of aerosol in response to simultaneous flow and volume 
is measurements of a patient's breathing. In a preferred embodiment of the invention, both the graphic lung portrayal and 
X-Y type feedback are displayed simultaneously. 

[0048] It will be appreciated that each of these formats provides the advantage of an interactive, enhanced feed- 
back over conventional inhalation training devices. This greatly facilitates the learning of proper breathing techniques 
for maximizing delivery of aerosol medication from a metered dose inhaler to the receptor sites in the lungs. 

20 [0049] In accordance with another embodiment of this invention, the graphic display format also illustrates the dep- 
osition of an inhaled substance by impaction, sedimentation and diffusion in the mouth, oropharynx, airways or alveoli, 
and its expulsion out of the lungs during expiration. It will be appreciated that this display format presents the patient 
with a readily understood series of graphic images of the aerosol inhalation process. Such a series of images can pro- 
vide the patient with an enhanced conceptual understanding of both the correct inhalation procedure and the linkage 

25 between the correct procedure and successful delivery of the aerosol medication. Such a visual and conceptual under- 
standing may reduce the need for frequent re-training in inhaler usage. 

[0050] It will be further noted that these display formats can provide the physician with a meaningful therapeutic tool 
which provides objective data on aerosol delivery. This data can aid in diagnostic activities and in the evaluation of 
patient response to pharmacologic therapies. This is increasingly important in the asthma area, as treatment protocols 

30 have shifted to a greater reliance upon anti-inflammatory medications such as corticosteroids. Since the effectiveness 
of corticosteroid therapy for a specific patient can only be determined after several weeks, it is extremely valuable to 
have an objective measurement of proper versus improper usage of the medication by the patient. 
[0051 ] In accordance with another embodiment of this invention, the graphic display format may be stylized or may 
be represented by software generated animations of cartoon characters, or circles, spheres, or other abstract shapes. 

35 The display format is not limited to any particular geometric representation. On the contrary, the values of the variables 
governing aerosol distribution in the lungs may be used to modulate a display of a matrix of any graphic images capable 
of conveying meaning and discrimination. 

[0052] In accordance with another embodiment of this invention, the graphic display depicting the lungs or abstract 
shapes may take the form of a three dimensional cfispiay based on techniques involving, but not limited to, holograms, 

40 rotating mirrors, stereoscopic glasses and other devices. 

[0053] According to another embodiment of the invention, the display format may consist of a combination of feed- 
back types wherein both the target envelope format and graphical images are displayed simultaneously. In such cases, 
the display may utilize a subsection of the display area to contain the X-Y axes format and another section to contain 
the graphical representation format. 

45 [0054] In accordance with yet another embodiment of the invention, the values of the specific parameters being 
measured may also be used to modulate and to produce other modalities of feedback. In one such instance an audio 
signal is generated having a specific tone when the values are within the target envelope. Such an audio signal would 
be used to augment the visual displays described herein. 

[0055] In another embodiment of this invention any of these visual display methods of inhalation training may be 
so implemented on a home video game apparatus such as those manufactured by Nintendo, Seaga or other sources. In 
this embodiment the software algorithms and graphics might be stored on a removable game cartridge and the hand 
held inhaler device might be connected to the game apparatus by means of a conventional input port commonly used 
to support a joystick or other device. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0056] 

5 Figure 1 a is a plan view of the apparatus according to the present invention. 
Figure 1b is a block diagram of the overall system. 

Figure 1c is a block diagram illustrating an alternative arrangement of flow sensing elements. 
Figure 2a is a plan view of the invention as implemented in the context of a video game apparatus. 
Figure 2b is a plan view of the invention implemented in the context of a flat screen computer for use in a hospital 
10 setting. 

Figure 3 is a block diagram of the overall process for the software component used in the invention. 
Figures 4a through 4e illustrate an example of X-Y feedback to the trainee. 
Figure 4a shows an example of X-Y feedback target envelope. 

Figure 4b displays an example of X-Y feedback showing inhaled output kept within target range during a training 
15 effort 

Figure 4c shows an example of X-Y feedback showing inhaled output kept within range until the end of the inhala- 
tion effort 

Figure 4d shows an example feedback display to trainee during a timed breath holding stage. 
Figure 4e shows an example of a feedback display of performance results to healthcare professional and trainee. 
20 Figure 5 is a sample method used to calculate an objective score rating the trainee's performance. 
Figure 6 is an example of a two-dimensional lung-portrayal feedback. 

Figure 7 is a block diagram of the presentation of lung-portrayal feedback to the trainee driven by eel selection. 
Figure 8 shows an example of a three-dimensional matrix of eel selections representating variations in the inhala- 
tion, breath-holding, and exhalation processes. 

25 

DETAILED DESCRIPTION 
Overall Apparatus 

30 [0057] Figure 1b shows a generalized block diagram of the inhaler training apparatus and display means according 
to a preferred embodiment of the present invention. The apparatus includes a metered dose inhaler means 1 00 for dis- 
pensing a predetermined amount of aerosol medication into the mouth and lungs of a patient through mouthpiece 102. 
In a preferred embodiment metered dose inhaler means 100 comprises a Ventolin Registered Trade Mark (albuterol 
sulfate) inhaler such as that manufactured by Glaxo, Inc. The inhaler means 100 includes a dispenser housing 104 and 

35 a pressurized canister 106 for providing the propellant mechanism for discharging a metered dose of aerosol medica- 
tion or placebo. 

[0058] Optionally, the inhaler means 100 further comprises a sensor means 108 for providing an output signal on 
lead 110 every time the canister 106 is actuated. The inhaler means 100 is also attached through a coupler 1 12 and 
connecting tube 1 1 3 to a flow measurement means 1 1 6. 
40 [0059] In a preferred embodiment, the flow measurement means 1 1 6 comprises a pneumotach 1 1 4 or similar flow 
sensing device. The flow measurement means 1 1 6 provides a means for measuring the flow of air and aerosol through 
the mouthpiece 102 of the inhaler means 100. 

[0060] The flow measurement means 116 provides calibrated pressure outputs which are conveyed through tube 
1 18 to provide a measurement of the flow rate of the aerosol into a patient's lungs. The pressure outputs to tube 118 

45 are input into a differential pressure transducer means 120. The differential pressure transducer means 120 provides 
an analog signal proportional to air flow output on line 121 to an analog to digital convenor circuit 122. The analog to 
digital converter 122 provides a digital representation of the flow rate to the microprocessor 124. The microprocessor 
124 converts the voltage value to a flow value based upon conversion constants stored in memory 126. 
[0061] A second input lead 1 10 of the analog to digital converter means 122 receives the output signal from the 

so sensor means 108. This sensor detects the time of actuation of the aerosol canister 106 as represented by a sudden 
drop in pressure within the inhaler housing 104. The analog to digital converter means 122 provides a digital represen- 
tation of the time of actuation to the microprocessor 124. 

[0062] The A/D conversion would be typically 12-bit resolution since this is particularly appropriate to diagnostic 
spirometry as well, but this is not mandatory and lower or higher resolutions could be used. It should be noted that 
55 arrangement of the medicine container, flow sensing and A/D conversion elements described in this embodiment of the 
invention is particularly practical when the invention is incorporated within the context of a diagnostic spirometry sys- 
tem. When spirometry measurements are required, the use of smaller or less precise components is practical because 
the flow range relevant to inhaler training is narrower, and the required level of signal accuracy is lower. 
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[0063] In another particularly preferred embodiment (Figure 1c), a simple pressure pickoff tube 1 1 5 is attached to 
the actuator housing. Pressure pickoff tube 115 is connected to a pressure-to-voltage transducer 120, e.g., Motorola 
MPX2010DP. The arrangement of elements of elements in this embodiment 10 of the invention (see Figure 1a) allows 
the inhaler means 100 or medicine actuator to be grasped in the hand by the patient 32 as in everyday use (as shown 

5 in Figure 2a). In Figure 2a a device according to the invention is denoted by reference numeral 20, which includes a 
video game apparatus 22, a monitor 130 and the inhaler means 100 having a mouthpiece 102. In this embodiment of 
the invention (referring again to Figure 1c), inhalation through the actuator housing 104 causes a pressure drop to be 
conveyed via tube 1 15 to the pressure transducer 120. Transducer 120 is dual ported with the pressure sensed in the 
actuator housing 104 as compared to atmospheric pressure. Actuation of the canister 106 also results in a pressure 

w spike which is detectable by transducer 1 20. 

[0064] A further refinement would be the integration of flow sensing, digitization, and parallel-to-serial conversion 
elements within the hand held actuator housing, and the use of radio or infra-red communication to convey flow and 
other event signals to the microprocessor. This refinement has advantage of convenience associated with eliminating 
the tethered connection between the patient and the bulk of the training apparatus. 

is [0065] It should be noted that the microprocessor can also receive other input data via the analog to digital conver- 
tor 122 or other input channels such as from storage means 126. Such input data would represent additional events, 
values, or physiological variables which may have relevance to the performance of the inhalation. 
[0066] The microprocessor 124 has an output lead 125 connected to a display means 130. 
[0067] The microprocessor 124 includes a storage means 126. The storage means 126 includes an image buffer 

20 1 28. The image buffer 1 28 includes a collection of electronically stored graphic images which can be displayed through 
the display means 130. 

[0068] A permanent record of the test maneuver also may be provided by a printout or electronically stored data 
record for use by the medical professional and patient. The printout may include graphs or flow curves, calculated val- 
ues and derived performance scores, as well as comments regarding the patients performance and particular areas of 
25 difficulty. These comments may be input by an operator, taken from standard derived comment lists, or derived from cal- 
culations made upon test data. 

Context in Which Software Invention Executes 

30 [0069] This invention is executable on any personal computer 12 (Fig. 1a), workstation, or microprocessor<lriven 
device. An example is the IBM AT or compatible computer using an Intel-compatible 80286, 80386, 80486, or succeed- 
ing generation microprocessor and running the DOS operating system and the Windows 3.0 or succeeding generation 
Graphic User Interface (GUI) environment. The invention could be run on IBM or compatible hardware running the UNIX 
Registered Trade Mark or other operating systems or an Apple-Macintosh Registered Trade Mark or compatible sys- 

35 tern, other personal computers, or on a workstation running the UNIX Registered Trade Mark or other operating system. 
The invention could also be run on a video game apparatus 22 (see Fig. 2a) or on a multimedia computer system or 
handheld personal computing device. 

[0070] Referring again to Figure 1A, the microprocessor hardware includes a Central Processing Unit (CPU), 
graphic display circuitry, Random Access Memory (RAM) main memory, Input/Output (I/O), resources to floppy and 
40 hard-disk drives, a keyboard, mouse (and/or other pointing device). 

[0071] As to programming language, the system implementation is projected at using C++, C, and assembly lan- 
guages using object-oriented programming techniques, but other programming languages and programming method- 
ologies could alternatively be used, including C without the use of C++. 

45 Structure off the Invention 

[0072] The major process components are shown in the block diagram in Figure 3. The overall process involves: 
(a) Acquiring input data block 301 from the trainee as the patient inhales through the training device spirometer 300, (b) 
Smoothing the input data at block 302, (c) optionally weighing the (smoothed) input at block 303, (d) Generating the tar- 
so get envelope 304, (e) Providing visual feedback to the trainee during the training maneuver on his or her performance 
relative to a target envelope at block 306. (This may be integrated with auditory feedback at block 308.). (f) Calculating 
an overall score on the exercise at block 310; (g) Presenting the final results to the patient at 312 (including optional 
recall 314 and comparison 31 6 to previous exercises on that or previous days); and (h) Storing those results 318. While 
the examples are in the context of pulmonary function, any medical variable under the control of a patient/trainee can 
55 be handled in an equivalent manner. A more detailed explanation of the foregoing process is provided as follows. 
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Acquisition f the Input Signal 

[0073] Referring to Figure 3, the spirometer block 300 includes the following elements; a pneumotach and a pres- 
sure transducer means for generating an electrical signal proportional to the pressure. The electrical signal is trans- 
5 formed in the analog-to-digital converter for further processing. The software includes the capability of calibrating the 
instrument in accordance with well known techniques. 

Smoothing the Input from the Trainee 

10 [0074] A smoothing function is useful to minimize noise in the signal (e.g., noise due to electromagnetic interfer- 
ence or vibration). Thus, the data may be optionally smoothed or filtered in accordance with well-known techniques. 

Generating the Target Envelope 

15 [0075] In each case, the trainee is trying to maintain the feedback representing his or her performance within a tar- 
get envelope. The envelope will vary according to the type of feedback presentation. For example, in the case of x-y 
feedback, the trainee is attempting to maintain the line under his or her control within two horizontal lines representing 
the lower and upper bounds of desired flow (with volume or time as the x axis). Thus the target envelope to be gener- 
ated is these two lines with the values set to default levels or set with reference to the individual trainee's physiological 

20 condition and the aerodynamics of what flow rate will optimize the delivery of aerosolized medication to the appropriate 
airway receptor sites. 

Providing the Feedback to the Trainee 

25 [0076] Two examples of feedback to the patient during inhaler training are the (a) x-y graphics as shown in Figure 
4, and the two-dimensional graphic lung portrayals as shown in Figure 6. The output from the data collection passing 
through the microprocessor is the same, only its transformation in another step to a form that is suitable to the given 
display is different 

30 X-Y Feedback to Patient 

[0077] The x-y versions of feedback include the target envelope that is related on the monitor screen to the actual 
inhalation effort by the individual being trained. In this case, the target envelope range is fixed, or is set through an algo- 
rithm relating the trainee's physiological condition projected at the time of inhaler training to the prescription of the opti- 
35 mal rate of inhalation maneuver required to obtain optimal benefit from the treatment. The target envelope range for any 
of the types of feedback can be related to the predicted pulmonary function capabilities of the trainee and/or selected 
by the operator. 

Lung-Portrayal Feedback to Patient 

40 

[0078] Lung portrayals are of two types: (a) full views of the lungs and/or upper respiratory tract, and (b) views of a 
typical large or small airway. In each case, there is incorporated within the system a model of the flow of air and aerosol 
into and out of the lungs (and optimally expansion and contraction of the lung outline). The variables input are patient 
demographics and/or the physiological status of the patient's airways, and the data generated by the patient's inhalation 

45 effort From these are calculated and displayed the intake and distribution of the air and aerosolized medication, and 
(optionally) the changes in the structure of the airways. The presentation of the lung-portrayal feedback can be the 
result of at least two processes: (1) an actual-calculation based on a mathematical model of the involved pulmonary 
physiology, or (2) a selection from among candidate eels that have been previously prepared. 
[0079] In the latter instance, the image eels are originally created using various technologies including bitmapped 

so and vector-based graphics design tools. Once created and stored within the training system, individual static image eels 
are selected for feedback display according to the calculation of cumulative volume inhaled, flow rate over course of 
inhalation, duration of breath holding, and other factors. In this eel selection process the individual eel images them- 
selves do not change. 

[0080] In contrast when feedback is derived from a mathematical vector model of the lungs, the current shape of 
55 the lungs and/or distribution of air and aerosol throughout the respiratory tract are continuously variable, and the image 
portrayed at any given moment is calculated in real time. 

[0081] Because the lung portrayals are for educational purposes as opposed to being used for scientific research, 
it is not necessary that the model reflect exactly the anatomical structures or physiological processes involved. In regard 
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to this point it is significant to note that several mechanical and mathematical models have been constructed to repre- 
sent airflow within the human lung as a basis for calculations and predictions regarding the deposition of aerosols. Due 
to the complex morphology and dynamic structure of the lungs none of these models is considered to be highly accu- 
rate. However, an idealized model of aerosol distribution within the lung could incorporate equations which describe the 
5 processes involved in aerosol deposition to a degree of accuracy sufficient for patient training. 

[0082] Portrayal of the lung in a three dimensional graphic format is preferable, and should provide the advantage 
of an enhanced training response. The instantaneous feedback in three dimensional form is now possible with conven- 
tional semiconductor logic and memory devices. As the cost of such electronic devices declines, they will be incorpo- 
rated in low cost personal computer and video display systems. 

10 

Stylized fCartoonl Feedback to the Trainee 

[0083] Feedback to the trainee may also include modulating data values to portray visually any meaningful pattern 
of graphic images to present a target envelope for the patient and a means for discriminating an achieved result. For 
is example, such graphic images may include the presentation of stylized cartoon feedback to the trainee. Like the lung 
portrayal, stylized feedback can be provided either based on a mathematical model or through eel selection. 

Auditory Feedback to the Trainee 

20 [0084] Auditory feedback to the patient can be similarly modulated. Tones increasing in intensity and/or volume are 
equivalent to the visually displayed x-y coordinates with the borders of the envelope provided by tones as well. Verbal 
feedback to the patient such as "faster, faster, ok, ok, ok, steady, steady, steady, etc." can be generated, and such feed- 
back is roughly equivalent to the two- or three-dimensional graphic portrayals. The auditory feedback can be combined 
with visual feedback in a hybrid approach. 

25 

Calculating an Overall Score on the Exercise 

[0085] In addition to the trainee and the trainer receiving interactive feedback on actual performance versus target 
it is helpful to calculate an overall score or set of scores which represent the degree to which the inhaled medication is 
30 believed to have reached the target sites of action. Several functions predicting deposition by means of impaction, sed- 
imentation and other factors could be translated into a single overall score indicative of patient performance. Such a 
score could be simplified to a rating on a scale of one to ten. 

[0086] The amount of medication available to the lower airways and alveoli is equal to the amount released from 
the actuator less inertial-impaction losses. Of this amount, the quantity actually deposited at the target sites is a function 
35 of gravitational sedimentation and diffusion. Other factors such as electrostatic interactions with opposite charges in the 
airway walls and inertial impaction during exhalation are small and can be ignored. 

[0087] While these variables cannot be directly measured in a given patient, they can be inferred. Inertial impaction 
occurs primarily in the mouth, trachea, and large airways and is proportional to inhalation flow rate. For the medication 
to be effectively delivered, the inhalation flow must be in a designated range (e.g. , above .2 and below 1 .0 liters per sec- 
40 ond). Gravitational sedimentation and diffusion occur mainly in the smaller airways and related in a sigmoid-curve func- 
tion to the length of time the patient holds his or her breath. The amount of aerosol available (input) to the gravitational 
sedimentation and diffusion processes depends on how much is left after (the output) of the inertial-impaction process. 
[0088] A preferred embodiment of a scoring mechanism which employs these observations is described as follows: 

45 The Deposition Score (S) = FxMxD 

Where ^ 

F = Scaling Factor 
so M = Fraction of medication reaching the lower airways, and 

D = Fraction of medication M which is deposited during the breath holding process 
Further, 

F = 10, since we want the score to be in the range from 0 to 10 (similarly, we would set F = 100 to have the score 
in the range of Oto 100), 

55 

M = Tx P 

where 
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SO 



T = (Total medication per actuation or "puff of inhaler) which for scoring purposes can be set to 1 representing 
the best any patient could achiev P = (Percentage of inhaled volume in targeted flow range) 
which is measured, and 

D = a variable related to the measured time breath is held (usually set to .1 times the breath holding time B, so that 

D = 1 with an optimal breath-holding time of ten seconds). 

where 

B = Breath holding time in seconds 

D can be refined to recognize the sigmoidal-curve nature of sedimentation over time. A sample equation is 



D = .1 x (1-EXPONENT(-10 x (B/(10 x (10-B+1)))). 

[0089] In calculation of factor D, only breath-holding time in a selected range (e.g., 0 to 10 seconds) is counted 
since breath holding for longer than a given time (e.g., 10 seconds) does not significantly increase deposition. 

Presenting the Final Results to the Trainee 

[0090] One or more quantitative values are displayed to the trainee and the trainer. The display may optionally 
include a comparison to previous exercises on that or previous days so that progress (or regression) can be followed. 
20 For some, the idea of "high scores" and/or a "personal best" may have significant value as an incentive. 

Storing Results 

[0091] For future comparative purposes, the results of the training exercise can be stored on a hard disk, floppy 
25 disk, or other appropriate medium. If desired, the actual-performance curves can be stored in addition to the numerical 
or qualitative results. 

D9t a Structur e s 

30 [0092] The data can be represented in either integer or floating-point numbers as well as state or other variables or 
parameters that may be either text or numbers. The process does not depend specifically on the size of the bytes (usu- 
ally 8-bit) or the particular internal scheme for representing floating-point numbers or integers. The data structure itself 
usually will be a mathematical array with indexed access with the index generated based on time or related variable. 

35 pata Objects 

[0093] One recommended embodiment is to use an object-oriented approach in which objects have both their data 
and the related behaviors incorporated within them. An example is a window object that knows how to display itself 
when a message to do so is passed to it. Child objects can inherit characteristics from parent objects and have selected 
40 attributes either modified by overriding the inheritance or added. Thus a visual feedback object might inherit the general 
characteristics of a parent visual-feedback class but within that child object specify its own particular behavior. 
[0094] Note that while the process as described takes an object-oriented approach, there is nothing in this invention 
that would preclude an implementation using traditional programming approaches. 

45 Description and Illustration of the Process Components 

Sta ges of Maneuvers ~ v ~ 

[0095] There are three stages of respiratory maneuvers involved in inhaling a medication: 



Stage 1 : Inhaling the aerosolized drug, 

Stage 2: Holding one's breath to allow deposition of the drug on lung-component surfaces, and 

Stage 3: Exhalation. 

[0096] If the trainee is cooperative, stage one will involve a monotonically increasing volume of the lungs, unless 
there is an interrupting event such as a cough that might be followed by a short inspiration. The main phenomena during 

stage two is sedimentation due to the force of gravity on the aerosolized medication droplets. 

[0097] When the visual feedback to the patient includes a portrayal of the lungs, an outline of the lungs may be 
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static throughout the three stages. If sufficient computer graphics processing power is available, the lung outline may 
expand and contract in response to the patient breathing. In this case during Stage 1 the envelope outlines will be 
increasing in size, in Stage 2, they will be (relatively) static, and in Stage 3 they will be decreasing. 
[0098] The most important element of visual feedback when the lungs are portrayed is the distribution of represent- 
5 ative droplets of aerosol medication. In Stage 1 they will move out to the periphery of the lungs as they go through the 
air passages with some deposition in the mouth, throat, and trachea, and on airway and on alveolar walls due to impac- 
tion. In Stage 2 maximum deposition on air passage and alveolar walls via sedimentation and diffusion will occur. 

Driving the Feedback Processes) bv Trainee Input 

70 

[0099] The feedback is driven by the air flow input from the patient as the pneumotach transduced output is con- 
verted from analog to digital form and transformed to f low-versus-volume or f low-versus-time data. 

Tfcflment of tup Trainee Input 

15 

[0100] Two categories of treatment of the flow-versus-volume or flow-versus-time data are (a) smoothing of the 
input data, and (b) weighing of those data. In the former case, application of a smoothing function or filter can prevent 
the feedback from being unduly influenced by perturbations in the input signal (e.g.. vibration or electromagnetic inter- 
ference). In the latter case the signal may be modified to provide incentive. 

20 

Incentive Feedback 

[01 01 ] The purpose of the feedback is not just to give the trainee patient an indication of performance, but to ingrain 
trainee behavior that will optimize the deposition of aerosolized medication at the target sites. The goal of inhaler train- 
25 ing is to cause the proper inhalation pattern for the medication to be made a habit Sometimes, it may be easier to 
obtain the desired behavior if an incentive approach is used. This can involve a weighing function whereby the feedback 
to the patient is "accelerated" for values of input that are close to or above the upper-target-envelope boundary. 

Target Envelopes, 

30 

[01 02] The target envelope for inhalation is shown in Figures 1 a, 2a, 2b and 4a-e. the context of flow-versus-volume 
axes. It also could be displayed in reference to a flow versus time curve. 

[0103] The target envelope or "prescriptive target" for inhalation of the aerosol is determined by algorithms based 
on the race, height, and/or weight of the patient modified, if appropriate, by their condition. For example. H bronchos- 
35 pasm is present, more drug will be delivered if the flow rate is lower, thereby cutting down turbulence induced within the 
airways. 

[0104] In the case of the x-y feedback, the target envelope for the y-axis measured variable (e.g., flow) is presented 
as two straight or curvilinear lines representing the upper and lower performance bounds allowing for optimal delivery 
of the aerosol to the lungs. A vertical line may also displayed to discourage inhalation beyond a predetermined volume. 
40 The x axis can represent either volume or flow. An example of such target bounds is shown in Figure 4a 

Process Steps for Feedback to the Trainee 

X-Y Feedback 

45 

[0105] In the case of x-y coordinates, the target envelope 410 is "statically" displayed on the computer-monitor 
screen as was shown in Figure 4a. Data are then collected during the inhalation-training effort, transformed to the" 
appropriate variable, and displayed on the screen. The point of shift between the three stages can either be presented 
in a fixed manner or can be altered depending on the shift from the previous stage. For example, if the x axis represents 
so time, once inhalation is completed the target envelope for breath holding can be "reset" to begin at the point inhalation 
actually left off, thus automatically resetting the onset time for the Stage-3 exhalation. 

[0106] Stepping through one potential set of presentations, Figure 4b shows an example of x-y feedback showing 
inhaled input 420 kept within range 410 during a training effort. In the next step, (Figure 4c) shows an example of x-y 
feedback showing inhaled output 420 kept within range 410 to the end of the inhalation effort just to the point of initia- 
ls tion of breath holding. Figure 4d then shows an example feedback display to trainee during the breath holding stage 
during which a clock 430 is displayed to the trainea A target clock time also could be displayed. Finally. Figure 4e shows 
an example of a feedback display to trainee at the end of the inhaler-training effort showing the performance results 
440. 
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Luna-Portraval and Other Feedback to the Trainee 

[0107] In the case of the two- or three-dimensional lung and/or component-airway portrayals, an image of the full 
respiratory tract, or of a subsection of the lower respiratory tract is displayed as a backdrop for illustrating the projected 

5 distribution and deposition of the aerosol medication. These pictorial representations can be generated in at least two 
ways. One method is to select (as a function of the independent variable - e.g. t time or volume) the closest one of a 
multiplicity of candidate "eels". The second method is to generate a representation which approximates the patient's 
instant condition as a function of the independent variable(s) based on a two- or three-dimensional animated model. In 
the latter case, the position or state of the respiratory tract is calculated and displayed based on the model. In the former 

10 case, the individual candidate eels are fixed representations. These eels are previously generated from a model or pre- 
pared by an artist (e.g., through scanned renderings or use of a "paint" program). The representation may include a 
range of elements such as respiratory tract outlines, aerosol droplets of changing size and distribution, and back- 
grounds of airways and lung tissue with varied colors and shading. 

[0108] A key aspect of all graphic portrayals is that the pattern of inhalation during stage one will determine the 
is quantity of aerosol medicine reaching the lungs and thus the number (and size distribution) of droplets available for dep- 
osition by means of sedimentation and diffusion during the breath-holding stage. 

[01 09] The process for displaying the condition (of the patient's respiratory tract and medication within the airways) 
at a given point in time is similar whether the lung portrayal (or airway-cross-section stylized/cartoon representation) is 
done by model calculations or selection. The specific image displayed will depend on the preceding events which have 
20 been measured up to this point in the maneuver as modified by the current instantaneous value of the trainee's input 
function (perhaps as filtered and/or weighted). In the case where eels are used, each candidate eel in a category will 
have a single composite value. The candidate eel that has the closest value to that of the patient's current condition will 
be selected for display. 

[01 1 0] Figure 7 shows a two-dimensional view of a graphic eel matrix. This matrix is of the same form whether the 
25 visual feedback consists of lung portrayals or stylized cartoons. Figure 8 presents a sample three-dimensional "graphic 
matrix" presenting selectable eel representations for multiple combinations of events during the inhalation and breath 
holding stages. 

Predicted Deposition Score 

30 

[0111] Figure 5 shows a key element of the mechanism for calculating a performance score as described earlier. 
This is the calculation of the volume inhaled within the correct flow range, which is the chief factor determining the 
amount of medication which reaches the lower airways and alveoli. The figure illustrates the integration of volume 
inhaled while flow rate remained within the target envelope. More refined versions are possible (e.g., considering the 

35 degree by which a trainee was outside the target envelope). In Case A, there are only two relatively short periods during 
which the patient's inhalation flow rate falls outside the target envelope, representing ten percent of the total volume 
inhaled. In Case B, the flow is initially too high and remains so for 40% of the volume expired. In Case C, a broad middle 
section of volume inspired (80%) is outside the target envelope. This pattern is frequently observed in patients whose 
inhaler usage pattern is recorded while no feedback is being provided. 

40 [01 1 2] This same scoring mechanism can be used in conjunction with all types of feedback displays. At the time the 
final score is presented comparison to past performance in one or more previous exercises can optionally be displayed 
as well. 

[0113] Besides the patient being able to determine visually whether the actual performance is correct, additional 
auditory feedback in the form of tone or computer-generated speech a visual feedback in the form of displayed text, 
45 changes in color, etc. can be supplied. 

* Pseudocode Description of the invention 

[01 1 4] What follows is psuedocode for each of the major software functions as shown in the flow chart in Figure 3. 
so The pseudocode is the same for all feedback types. Details differ for those segments involving the feedback itself 
(including generation of target envelopes) and the calculation of results. These are covered by (a) presenting the com- 
mon sections including generic pseudocode for the feedback presentation and results calculation followed by (b) more 
detailed pseudocode where the sections differ. 

55 



14 



EP 0 667 168 B1 



Data Acquisition 301 

SETUP analog- to-digital converter conditions; 
ZERO input from sensor; 
ACQUIRE input data on trigger; 
(Optionally) DETECT time of actuation 

Data Smoothing (Optional! 302 

ACCESS smoothing criteria; 
FILTER input data; 

Data Weighing 303 

ACCESS weighing function; 
APPLY weighing to input data; 

Generation of Target Envelope 304 

ACCESS target envelope according to selected visual and 
auditory feedback type; 

Presentation of Feedback 306 
Begin : 

DISPLAY (next) target-envelope (if changed) ; 
DISPLAY trainee-generated visual feedback; 
(Optionally) OUTPUT trainee-result generated 
auditory feedback 308; 
IF finished with cycle THEN PROCEED, 
ELSE Begin : 
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Presentation of Breath-Hold Timing 306 

DISPLAY Hold Breath Timer; 

Cycle: 

INCREMENT time value; 

DISPLAY new value in Hold Breath Timer 
display; 

IF breath holding completed THEN Presentation 
ot Results ELSE Cyple; 

Calculation of Results 310 

CALCULATE difference between target envelope and trainee 
performance; 

CALCULATE quantitative estimate score of medicine 
deposition 

(Optionally) RECALL old results; 

CALCULATE COMPARISON to new results; 

Presentation of Results 312 
DISPLAY results; 

(Optionally) DISPLAY old results 314; 

DISPLAY comparison to new results 316; 

Storage of New Results 318 

ACCESS storage access information; 
STORE results; 

UPDATE indices to trainee data; 

The following modules are feedback specific and detail 
the above generic versions. They are presented in Target 
Envelope/-Feedback Presentation pairs. 

Generation of Target Envelope for X-Y Feedback 

ACCESS constant lower straight-line displayed bound for 
flow versus volume or time according to prescribed 
training objective; 

ACCESS constant upper straight-line displayed bound for 
flow versus volume or time according to prescribed 
training; 

ACCESS constant lower- frequency bound (or other auditory 
variable such as word/phrase) for flow versus volume of 
time according to prescribed training; 

ACCESS constant upper-frequency bound (or other auditory 
variable such as word/phrase) for flow versus volume of 
time according to prescribed training; 

Presentation of Feedback for X-Y Feedback 

DISPLAY lower bound of target envelope; 
DISPLAY upper bound of target envelope; 
(Optionally) COLOR between the boundaries; 
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Label 1: 

MEMORY-STORE trainee-generated value; 
DISPLAY trainee-generated visual feedback curve; 
(Optionally) COLOR area under feedback curve; 
(Optionally) IF trainee feedback outside the target 
envelope THEN COLOR region between feedback curve 
and boundary exceeded AND 

(Optionally) OUTPUT tone or word/phrase auditory 
feedback; 

IF finished with inhalation THEN 
Presentation of Breath-Hold Timing . 
OTHERWISE Label 1: 

GEN . TAfiGST t EjNV . LUNG . MATH t MOpqfr : Geneya t ion of Target 

Envelope for Lung Portrayal or Stylized Feedback through 
Mathematical Model 

GENERATE target-envelope outline for (initial) 

increment 

using the prescribed training objective to drive the 
mathematical model; 

ACCESS new constant lower- frequency bound (or other 
auditory variable such as word/phrase) for flow versus 
volume of time according to prescribed training; 

ACCESS new constant upper-frequency bound (or other 
auditory variable such as word/phrase) for flow versus 
volume of time according to prescribed training; 

Presentation of Lung Portrayal or Stylized Feedback through 
Mathematical Mo^el 
Begin: 

GENERATE (next) target- envelope target 
outline using GEN . TARGET . ENV . LUNG . MATH . MO DEL 
DISPLAY (next) target-envelope outline; 
DISPLAY (next) trainee-generated visual- 
feedback outline as calculated by the 
mathematical model; 

DISPLAY (next) trainee-generated visual- 
feedback droplet distribution as calculated 
by the mathematical model; 
(Optionally) IF trainee-generated feedback 
outside target envelope THEN COLOR region 
between the two outlines AND (Optionally) 
OUTPUT tone or word/phrase auditory feedback; 
IF finished with inhalation THEN 
Presentation of Breath-Hold Timing . 
OTHERWISE Begin? 
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GEN. TARGET « ENV > LUNG » CEL . SELECT : Generation of Target Envelope 
for Luna Portrayal or Stylized Feedb ack through Cel Selection 
SELECT (initial) target-envelope outline or stylized- 
representation eel based on the prescribed training 
obj ective; 

ACCESS constant lower- frequency bound (or other auditory 
variable such as word/phrase) for flow versus volume of 
time according to prescribed training; 

ACCESS constant upper- frequency bound (or other auditory 
variable such as word/phrase) for flow versus volume of 
time according to prescribed training; 

Presentation of Lung Portrayal or Stylized Feedback through 
Cel Selection 

Begin: 

SELECT (next) target-envelope target outline 
using GEN . TARGET . ENV. LUNG . CEL. SELECT ; 
DISPLAY (next) target-envelope outline cel; 
COMPARE next trainee data value for volume 
to the data values of available outline or 
stylized-representation eels; 
SELECT closest outline or stylized- 
representation cel in value; 

DISPLAY (next) selected outline or 
stylized-representation cel; 
(Optionally) IF trainee-generated data 
value for volume outside that for 
outside target envelope THEN DISPLAY 
indicator of discrepancy (cel or generated 
graphic AND (Optionally) OUTPUT tone or 
word/phrase auditory output; 
CALCULATE a resultant trainee data value for 
aerosolized-medication droplet distribution 
given rate of inhalation to current time; 
SELECT closest droplet-distribution cel; 
DISPLAY (next) selected droplet -distribution 
cel * 

IF finished with inhalation THEN 
Presentation of Breath-Hold Timing . 
OTHERWISE Begin? 



Description of Operation During Test Maneuver 

[01 1 5] Following is a description of a cycle of operation of the apparatus. The procedure begins with test set up by 
the operator. Patient profile data such as name, age, height, sex, and ethnic background are entered by keyboard and 
stored in memory 126. (Figure 1b). Alternatively, this data may be recalled from storage. Once the setup is complete 
the test maneuver involves the following steps: 

1) An initial keyboard, mouse or other input signal is provided by the operator to the microprocessor 124. This sig- 
nal sets the microprocessor 124 in the mode to start the test or training maneuver. 
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2) The patient is instructed to exhale fully or to functional residual volume as desired by the physician, and place 
the inhaler mouthpiece 102 in his mouth. 

3) The operator then starts the training or test maneuver by directing the patient's attention to the display 126, and 
instructing the patient to begin inhaling and immediately thereafter actuate release of the medication. When the 

5 patient activates the inhaler the operator provides a second keyboard, mouse, or other input to the microprocessor 
124. With this input the system begins recording flow data. Alternatively, the time of canister actuation can be 
detected by a microswitch 108 placed under the collar of the medication canister or by software recognition of a 
characteristic pressure spike generated at the time of medication release. Row values are used to calculate volume 
values, and muHiple values are stored in memory associated with each sample, including time, flow rate, and vol- 

w ume. The nature of feedback to the patient will depend upon the display format being used. 

In the lung graphic format, medication is shown to enter the respiratory tract and move into the tracheobron- 
chial tree is response to flow and cumulative volume measurements. In the x-y axes format, flow and volume values 
420 are plotted in real time (less than twenty milliseconds) on the display axes 400 where the x axis represents 
cumulative volume and the y axis represents flow rate. It is noted that while in the embodiment described here the 

is x axis represents inspiratory volume between zero and seven liters and the y axis represents flow rate between 
zero and three liters per second, both the variables chosen for graphing and the scale of the axes could take a 
number of alternative forms. Such alternative parameters are possible and desirable as a result of differences in 
the characteristics of patients and aerosol medications involved, and preferences of the medical personnel per- 
forming the testing or training. The present invention is therefore not intended to be limited to the specific variables 

20 and axis scales illustrated herein. 

4) The patient is prompted to continue to inhale slowly and steadily. Under the lung graphic feedback format, the 
patient will be instructed to inhale fast enough to move the medication down into the airways but slow enough to 
avoid its impaction or "sticking to" the sides of the throat and airways. Under the x-y format the patient is told to keep 
the moving line 420 in the colored target range 410, and to continue to inhale until the indicated volume is reached. 

25 Figures 4a, 4b, and 4c generally show the display 1 30 during the progression of this stage of the procedure. 

5) At the point in time that the patient reaches a target or maximum inhaled volume, as evidenced by observation 
of the patient and/or a drop in the flow rate on the display, the operator instructs the patient to hold his breath. Also 
at this time the operator would provide a third keyboard or other input to the microprocessor 124. Alternatively, the 
cessation of flow at the end of inhalation can be recognized by the software and this input generated automatically. 

30 This third input causes the appearance of a timer 430, or alternative representation of time, on the display 126 
which indicates the time passing from the time the input occurs. In the presently described embodiment, the micro- 
processor ceases to acquire flow data from the point of the third input Thus from this point forward the patient may 
remove the inhaler 102 from his mouth (as he normally would do in routine usage of an inhaler). 

6) The time display 430 continues to indicate the passage of time in seconds. During this time the operator encour- 
35 ages the patient to continue breath holding up to ten seconds (or some other duration if desired). The instruction to 

hold breath may also be conveyed by a display message which may flash on and off. During this stage the micro- 
processor 124 records in memory 126 the cumulative time since the third keyboard input. This measure represents 
the time elapsed during breath holding. 

It will be appreciated that the parameter of the time period during which the breath is held is indicative of the 
40 amount of aerosol which would settle onto the lower airway surfaces by sedimentation. The time elapsed until exha- 
lation is also determinative of the probable amount and distribution of aerosol medication deposited in the orophar- 
ynx. 

7) At the point in time when the patient exhales, as observed by the operator, the operator provides a fourth key- 
board or other input to the microprocessor 124 signifying the end of breath holding and the end of the maneuver. 

45 The timer 430 then disappears from the display. The microprocessor 124 performs several calculations on the data 
recorded during the maneuver, and sends the results to the display 126. If the display feedback used during the 
maneuver did not include the x-y type, a graph of the data collected is now presented in the x-y format. This curve 
provides an objective measure of the inhalation pattern for the operator. 

8) The results of the test or training maneuver include, but are not limited to, an assessment of the degree of coor- 
50 dination of inhaler actuation with start of inhalation, the volume inhaled after actuation, the average inhalation rate, 

the volume inhaled at flow rates in the target range, and the duration of breath holding. Optionally, the display may 
also provide results in which the measured performance is compared with a desired goal. Some or all of the goals 
utilized may be patient-specific values. These goal values may be directly input to the program by the operator or 
calculated based upon patient-specific data. A single overall score assessing the relative success of the inhaler 
55 maneuver may also be provided. 

9) A printout or electronic record is created to provide objective documentation of the patient's inhalation perform- 
ance. Documentation of successive test maneuvers indicates the patient's capability to learn correct inhalation 
technique and retain this technique over time. 
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[01 1 6] White the invention has been described in connection with what is presently considered to be the most prac- 
tical and, preferred embodiments, it is to be understood that the invention is not limited to the disclosed embodiments, 
but on the contrary is intended to cover various modifications and equivalent arrangements within the scope of the 
appended claims. 

5 

Claims 

1. An inhalation training device for maximizing the delivery of an airborne medication to receptor sites in a patient's 
lungs, comprising: 

10 

an inhaler means (100) including a source of airborne medication for inhalation by a patient (32); 

a flow measurement means (116) coupled with said inhaler means (100) for measuring the flow of air through 

said inhaler means (100); 

a microprocessor means (124) coupled with said flow measurement means (116) for integrating the flow of air 
is over time to produce a measure of volume inhaled; 

storage means (126), coupled with said microprocessor means (124), for storing said measured flow and vol- 
ume values and for storing additional quantifiable diagnostic parameters relating to projected patterns of med- 
ication distribution to receptor sites in a patient's lungs; and 

display means (130), coupled with said microprocessor means (124) for providing a visual display of measured 
20 flow and volume values of the patient (32) as well as said diagnostic parameters related to projected delivery 

of medication to receptor sites in the lungs of the patient (32) and for contrasting measured values with desired 
levels for those values; 

characterized in that the display means (130) further comprises a means for superimposing said measured val- 
ues of volume and flow simultaneously on a target envelope (410) in order to provide instantaneous visual 
25 feedback of a patient's inhalation and in that 

said display means (130) includes means for providing at least a two-dimensional graphic portrayal of a 
patient's respiratory system and showing a representation of the patient's lungs expanding and contracting in 
response to simultaneous flow and volume measurements of a patient's breathing. 

30 2. A device according to claim 1 , characterized in that said microprocessor means (126) further includes means for 
recording the time of actuation of said inhaler means (1 00) for calculating the timing of device actuation and means 
for recording the duration of inhalation and breath holding (430), and for applying said measured values to said 
storage means (126). 

35 3. A device according to claim 1 or 2, characterized in that said inhaler means (100) includes a dry powder generator. 

4. A device according to any of the preceding claims, characterized in that said source of airborne medication com- 
prises a pressurized canister (106) of aerosol medication. 

40 5. A device according to any of the preceding claims, characterized in that said graphic display means (130) includes 
means for illustrating the deposition of said medication by means of sedimentation and diffusion in the airways and 
alveoli. 

6. A device according to claim 5, characterized in that said graphic display means (1 30) includes means for illustrating 
45 the expulsion of an inhaled substance in and out of a patient's lungs during inhalation expiration and breath holding. 

7. A device according to any of the preceding claims, characterized in that said microprocessor means (1 24) includes 
means for modulating quantifiable physiologic parameters indicative of a patient's lung function to provide a pro- 
jected target envelope (410) representative of maximized medication distribution in the lungs of the patient (32) 

so based on that physiologic parameters; and in that said display means (130) for displaying said projected target 
envelope (410) includes means for measuring the patient's actual breathing performance with said target envelope 
(410) for providing an improved inhalation response to said patient (32). 

8. A device according to any of the preceding claims, characterized in that said microprocessor means (1 24) includes: 
55 means for integrating the flow of air over time to produce a measure of the volume of air inhaled; 

means for manipulating the values of quantifiable physiologic variables govering medication distribution in the lungs 
to produce a display of graphic images (420) capable of conveying meaning and discrimination. 
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9. A device according to claim 8 wherein said quantifiable parameters include predicted lung volume and time flow 
rate values for a specific patient (32). 

10. A device according to any of the preceding claims, characterized in that said display means (130) includes means 
5 for providing a target envelope (410) on an X-Y axis and for superimposing actual performance on said target enve- 
lope. 

11. A device according to any of the preceding claims, characterized in that said display means (130) includes means 
for generating a first set of graphic images capable of conveying meaning and discrimination with respect to a 

w patient's projected inhalation and delivery pattern of medication to receptor sites in the patient's lungs; and 

means for generating a second set of graphic images capable of conveying meaning and discrimination, superim- 
posed on said first set, which are representative of the patient's measured inhalation performance. 

12. A device according to any of the preceding claims, characterized in that said display means (130) comprises a 
75 numerical score representing a rating of the likely level of success in delivering the desired dose of medication to 

the target sites with the respiratory tract, such as score of one to ten. 

13. A device according to any of the preceding claims, characterized in that said microprocessor (124), storage means 
(123) coupled with said microprocessor (124), and display means (130) are provided by a multimedia computer 

20 such as a video game apparatus (22). 

14. A device according to any of the preceding claims, characterized in that said display means (130) comprises a 
three-dimensional display means for portrayal of a patient's lungs and airways for showing the projected deposition 
of medication therein. 

25 

PatentansprQche 

1. Inhalainstrainingsvorrichtung zur Maximierung der Abgabe von luftgetragener Medikation an Rezeptorenorte in 
einer Patientenlunge, mit: 

30 

einer Inhalatoreinrichtung (100) mit einer Quelle fur luftgetragene Medikation zum Inhalieren durch einen Pati- 
enten (32); 

einer mit der Inhalatoreinrichtung (100) gekoppelten FluBmeBeinrichtung (116) zum Messen des Flusses des 
Atems durch die Inhalatoreinrichtung (100); 

35 einer mit der FluBmeBeinrichtung (116) gekoppelten Mikroprozessoreinrichtung (124) zum Integrieren des 

Flusses an Atem uber die Zeit zur Erzeugung eines MaBes an inhaliertem Volumen; 
mit der Mikroprozessoreinrichtung (124) gekoppelte Speichereinrichtungen (126) zum Speichern der 
gemessenen FluB- und Volumenwerte und zum Speichern zusatzlicher, quantifizierbarer diagnostischer Para- 
meter, die sich auf projektierte Muster einer Verteilung an Medikation zu Rezeptororten in einer Patientenlunge 

40 beziehen; und 

einer mit der Mikroprozessoreinrichtung (124) gekoppelten Anzeigeeinrichtung (130), die eine visuelle Darstel- 
lung der gemessenen FluB- und Volumenwerte des Patienten (32) liefert, wie auch die diagnostischen Para- 
meter, die sich auf die projektierte Abgabe an Medikation an Rezeptororte in den Lungen des Patienten (32) 
beziehen und zum Hervorheben gemessener Werte mit gewunschten Niveaus fur diese Werte; 

45 dadurch gekennzeichnet, daB die Anzeigeeinrichtung (130) des weiteren eine Einrichtung aufweist zum Ober- 

lagern der gemessenen Werte fur das Volumen und den FluB gleichzeitig auf einer Zielumhullenden (410), urn 
eine augenblickliche bzw. momentane visuelle ROckkopplung der Inhalation eines Patienten vorzusehen und 
daB die Anzeigeeinrichtung (130) MitteJ aufweist zum Vorsehen wenigstens einer zwei-dimensionalen graphi- 
schen Abbildung des respirativen Systems eines Patienten und zum Zeigen einer Wiedergabe der Lunge des 

so Patienten, wie sie expandiert und kontrahiert in Reaktion auf gleichzeitige FluB- und Volumenmessungen der 

Atmung eines Patienten. 

2. Vorrichtung nach Anspruch 1 , dadurch gekennzeichnet, daB die Mikroprozessoreinrichtung ( 1 26) des weiteren Mit- 
tel zum Aufzeichnen der Betatigungszeit der Inhalatoreinrichtung (100) umfaBt, zum Zwecke des Berechnens des 

55 Timings bzw. der Ze'rteinstellung der Betatigung der Vorrichtung und Einrichtungen zum Aufzeichnen der Dauer der 
Inhalation und des Atemanhaltens (430) und zum Verbringen der gemessenen Werte zu der Speichereinrichtung 
(126). 
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3. Vonrichtung nach Anspruch 1 Oder 2, dadurch gekennzeichnet, daB die Inhalatoreinrichtung (100) einen Trocken- 
pulver-Generator umfaBt. 

4. Vorrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB die Quelle an lufgetragener 
5 Medikation einen unter Druck befindlichen Behaiter (106) mit Medikation in Aerosolform umfaBt 

5. Vonrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet daB die graphische Anzeigeein- 
richtung (130) Mittel zum Darstellen des Abscheidens der Medikation durch Sedimentation und Diffusion in den 
Atemwegen und Alveolen, umfasst. 

70 

6. Vorrichtung nach Anspruch 5, dadurch gekennzeichnet, daB die graphische Anzeigeeinrichtung (1 30) Mittel umfaBt 
zum Darstellen des AusstoBes einer inhalierten Substanz in und aus einer Patientenlunge wahrend des Ausat- 
mens bzw. des Endes der Inhalation und dem Atemanhatten. 

is 7. Vorrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB die Mikroprozessoreinrich- 
tung (124) Mittel umfaBt zum Modulieren quantifizierbarer physiologischer Parameter, welche bezeichnend sind fur 
die Lungenfunktion eines Patienten, um eine projektierte ZielumhOIIende (410) vorzusehen, die reprasentativ ist fOr 
die maximierte Verteilung von Medikation in den Lungen des Patienten (32) basierend auf diesen physiologischen 
Parametern und 

20 daB die Anzeigeeinrichtung (130) zum Darstellen der projektierten Zielumhullenden (410) eine Einrichtung zum 
Messen des tatsachlichen Atmungsverhaltens des Patienten umfaBt, wobei die ZielumhOIIende (410) einer verbes- 
serten Inhalationsreaktion an den Patienten (32) dient 

8. Vorrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB die Mikroprozessoreinrich- 
25 tung (124) umfaBt: 

Mittel zum Integrieren des Flusses an Atem Ober die Zeit, zum Erzeugen eines MaBes des inhalierten Volumens 
an Atem; 

Mittel zum manipulieren der Werte quantifizierbarer, physiologischer Variablen, die zustandig sind fur die Vertei- 
lung der Medikation in den Lungen, zum Erzeugen ein Darstellung an graphische Bildern (420), mit denen eine 
30 Bedeutung und eine Unterscheidung/AuflOsung geliefert werden kann. 

9. Vorrichtung nach Anspruch 8, wobei die quantifizierbaren Parameter fOr einen speziellen Patienten (32) vorge- 
schriebene Werte fur das Lungenvolumen und die ZeitfluBrate (FluBgeschwindigkeit) umfassen. 

35 10. Vorrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB die Anzeigeeinrichtung (1 30) 
Mittel zum vorsehen einer Zielumhullenden (410) auf einer x-y-Achse und zum Oberlagern eines tatsachlichen Ver- 
haltens auf der Zielumhullenden, aufweist. 

11. Vorrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB die Anzeigeeinrichtung (130) 
40 Mittel zum Generieren eines ersten Satzes graphischer Bilder umfaBt, die eine Bedeutung und AuflOsung bzgl. der 

projektierten bzw. vorgesehenen Inhalation eines Patienten und des Abgabemusters der Medikation an die Rezep- 
tororte in den Lungen des Patienten liefert; und 

Mittel zum Generieren eines zwerten Satzes an graphischen Bildern, die eine Bedeutung und AuflOsung liefern 
kdnnen, und die dem ersten Satz Oberlagern und reprasentativ fur das gemessene Inhalationsverhalten des Pati- 
45 entensind. 

12. Vonrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB die Anzeigeeinrichtung (130) 
ein numerisches Ergebnis umfaBt welches eine Einschatzung des wahrscheinlichen Erfolgsniveaus bzw. -wertes 
beim ZufQhren der gewOnschten Dosis an Medikation zu den Zielorten des resperativen- bzw. Atmungstrakts, wie- 

so dergibt, wie beispielsweise ein Ergebnis von 0 bis 1 0. 

1 3. Vorrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet daB der Mikroprozessor (1 24), die 
mit dem Mikroprozessor (124) gekoppelte Speichereinrichtung (123) und die Anzeigeeinrichtung (130) von einem 
multimedialen Computer vorgesehen sind. wie beispielsweise einem Videospielgerat (22). 

55 

14. Vorrichtung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB die Anzeigeeinrichtung (130) 
ein drei<iimensionales Anzeigemittel umfaBt zum Abbilden der Lunge eines Patienten und der Atemweg , um das 
projektierte bzw. vorgesehene Abscheiden von Medikation darin zu zeigen. 
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Revendlcatlons 

1. Dispositif d'exercice d'inhalation aux fins d'optimiser ta deiivrance d'un medicament a6rogene k des sites recep- 
teurs dans les poumons cf un patient, comprenant: 

un moyen dlnhalateur (100) comportant une source de medicament a6rogene pour inhalation par un patient 
(32); 

un moyen (116) de mesure de recoulement, couple audit moyen d'inhalateur (100), pour mesurer recoulement 
d'air k travers iedit moyen d'inhalateur (100); 

un moyen de microprocesseur (124), couple audit moyen (116) de mesure de recoupment, pour Integration 
de recoupment d'air dans le temps pour produire une mesure du volume inhale: 

des moyens de stockage (126), couples audit moyen de microprocesseur (124), pour stocker lesdites valeurs 
mesurees de recoulement et du volume et pour stocker des parametres diagnostiques quantrfiables suppie- 
mentaires portant sur des schemas previsionnets de distribution du medicament aux sites recepteurs dans les 
poumons d'un patient ; et 

des moyens d'affichage (130), couples audit moyen de microprocesseur (124) pour offrir un affichage visuel 
des valeurs mesurees de recoulement et du volume du patient (32) ainsi que lesdits parametres diagnostiques 
portant sur la deiivrance previsionnelle du medicament aux sites recepteurs dans les poumons du patient (32) 
et pour mettre en contraste les valeurs mesurees avec les niveaux d6sir6s pour ces valeurs; 
caract6ris6 en ce que les moyens d'affichage (130) comprennent de plus un moyen pour superposer lesdites 
valeurs mesurees du volume et de recoulement simultanement sur une enveloppe cible (410) de maniere k 
fournir un r6tro-contrdle visuel instantan6 de llnhalation d'un patient, et en ce que Iedit dispositif d'affichage 
(1 30) comprend des moyens pour fournir au moins une representation graphique bidimensionnelle du systeme 
respiratoire d'un patient et pour donner une representation des poumons d'un patient se dilatant et se contrac- 
tant en reponse aux mesures simultanees de recoulement et du volume de la respiration d'un patient. 

2. Dispositif selon la Revendication 1, caract4ris6 en ce que Iedit moyen de microprocesseur (126) comprend de 
plus des moyens pour enregistrer le temps d'activation dudit moyen dlnhalateur (1 00) pour calculer le minutage de 
I'activation du dispositif et des moyens pour enregistrer la dur6e d'inhalation et de blocage de la respiration (430) 
et pour appliquer lesdites valeurs mesurees auxdits moyens de stockage (126). 

3. Dispositif selon la Revendication 1 ou 2, caract£r(s6 en ce que Iedit moyen dlnhalateur (1 00) comprend un gene- 
rates de poudre seche. 

4. Dispositif selon I'une quelconque des Revendications precedentes, caract6ri$6 en ce que ladite source de medi- 
cament aerogene comprend une cartouche metallique sous pression (bombe) (106) d'un medicament en aerosol. 

5. Dispositif selon I'une quelconque des Revendications precedentes, caracter!s6 en ce que lesdits moyens d'affi- 
chage graphique (130) comprennent des moyens pour illustrer le d6p6t dudit medicament par sedimentation et dif- 
fusion dans les voies aeriennes et les alveoles. 

6. Dispositif selon ta Revendication 5, caracterls6 en ce que lesdits moyens d'affichage graphique (1 30) component 
des moyens pour illustrer I'expulsion dune substance inhaiee dans et hors des poumons d'un patient pendant 
I'inhalation, I'expiration, et le blocage de la respiration. 

7. Dispositif selon I'une quelconque des Revendications precedentes, caract6rls6 en ce que Iedit moyen de micro- 
processeur fl 24) comprend des moyens pour moduler des parametres physiologiques quantifiables de la fonction 
pulmonaire d'un patient pour fournir une enveloppe cible previsionnelle (410) representative d'une distribution opti- 
mis6e du medicament dans les poumons du patient (32) basee sur ces parametres physiologiques ; et en ce que 
lesdits moyens d'affichage (1 30) pour aff icher ladite enveloppe cible previsionnelle (41 0) comprennent des moyens 
pour mesurer la performance respiratoire r6elle du patient avec ladite enveloppe cible (410) pour fournir une 
reponse inhalatoire ameiioree audit patient (32). 

8. Dispositif selon I'une quelconque des Revendications precedentes, caract6ris6 en ce que Iedit moyen de micro- 
processeur (124) comprend: 

des moyens pour integrer recoulement d'air dans le temps pour produire une mesure du volume d'air inhale; 
des moyens pour manipuler les valeurs de variables physiologiques quant'rfiables r6gissant la distribution du medi- 
cament dans les poumons pour produire un affichage dlmages graphiques (420) capables de donner sens et dis- 
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crimination. 

9. Dispositif selon la Revendication 8. dans lequel lesdits paramfctres quantifiables comprennent les valeurs previ- 
sionnelles de volume des poumons et de debit dans le temps pour un patient donne (32). 

10. Dispositif selon Tune quelconque des Revendications pr6c6dentes, caract$rls6 en ce que lesdits moyens cTaffi- 
chage (130) comprennent des moyens pour fournir une enveloppe cible (410) sur un axe X-Y et pour superposer 
la performance reelle sur ladite enveloppe cible. 

11. Dispositif selon Tune quelconque des Revendications pr6c6dentes, caract6ri$6 en ce que lesdits moyens d'affi- 
chage (1 30) comprennent des moyens pour g6n6rer un premier jeu dlmages graphiques capables de donner sens 
et discrimination quant a llnhalation pr6visionnelle d'un patient et un schema de deiivrance d'un medicament a des 
sites r§cepteurs dans les poumons du patient ; et 

des moyens pour g6n6rer un second jeu dlmages graphiques capables de donner sens et discrimination, super- 
pose audit premier jeu, images qui sont representatives des performances respiratoires mesur6es du patient 

12. Dispositif selon I'une quelconque des Revendications pr£c6dentes, caractirlst en ce que lesdits moyens d'affi- 
chage (130) comprennent une notation numerique repr£sentant une evaluation du niveau probable de succes de 
la deiivrance de la dose desiree du medicament aux sites cibles avec les voies respiratoires, telle qu'une notation 
de un a dix. 

13. Dispositif selon I'une quelconque des Revendications pr6cedentes, caractfris6 en ce que ledit microprocesseur 
(124), lesdits moyens de stockage (123) couples audit microprocesseur (124), et lesdits moyens d'affichage (130) 
comportent un ordinateur multimedia tel qu'un appareil de jeu video (22). 

14. Dispositif selon I'une quelconque des Revendications prec6dentes, carac&lst en ce que lesdits moyens cfaffi- 
chage (1 30) comprennent des moyens d'aff ichage en trois dimensions pour une representation graphique des pou- 
mons et des voies a6riennes d'un patient af in de montrer le d6pdt pr6visionnel cTun medicament dans ceux-ci. 
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